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FRULQJIRUVWXG\LQJURRWJURZWKLQGH¿QHG VRLO YROXPH LQ D WLPH VHTXHQFH RI VDPSOLQJ RU E\ XVH RI LQJURZWK VRLO FRUHV PHWKRG ZKLFK
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5RRW REVHUYDWLRQ ZLWK PLQLUKL]RWURQV LV D XVHIXO
WHFKQLTXH WR VWXG\ URRW V\VWHP G\QDPLFV E\PHDQV RI D
WUDQVSDUHQWWXEHDQGDURRWLPDJHDFTXLVLWLRQGHYLFH)LJXUH
 ,W KDV EHHQ LQ XVH LQ URRW VWXGLHV IRU D IHZ GHFDGHV
0LQLUKL]RWURQVSURYLGHLQVLJKWLQWRWKHJURXQGDQGHQDEOH





7KH PHWKRG LV EHVW FRPSOHPHQWHG E\ XVH RI WKH
LQJURZWKVRLOFRUHVPHWKRGZKLFKDOORZVPHDVXUHPHQWRI
URRWELRPDVVDQGJURZWKRIWKH¿QH URRWV GXULQJ D GH¿QHG
WLPHLQWHUYDO0$-',HWDO,QJURZWKVRLOFRUHVLV
DPHWKRG LQZKLFKDQ LQWDFWVRLOFRUH UHPRYHGIURPWKH
JURXQG LV UHSODFHG E\ D PHVK EDJ RI HTXDO VL]H ¿OOHG





LQ MXVW IXQJL P\FHOLD 3(56621  0$..21(1
+(/0,6$$5,1(80$11HWDO
0RVW LPSURYHPHQWV RI URRW VWXGLHV WHFKQLTXHV LQ
WKH ODVW GHFDGHV KDYH EHHQ LQ SLFWXUH WDNLQJ HTXLSPHQW
DQG FRPSXWHUL]HG LPDJH DQDO\VLV9LGHRRSWLFVKDVEHHQ






7KLV NLQG RI DQDO\VLV UHVXOWV LQ HQRUPRXV DPRXQW
RI UDZ GDWD ZKLFK LV KDUG WR FRQWURO DQG PDQLSXODWH
3URJUDPVOLNH([FHO2SHQ2I¿FH HWF DUH ZLGHO\ XVHG IRU
UDZGDWDPDQLSXODWLRQ EXW XQIRUWXQDWHO\ GR QRW SURYLGH
DJRRGGDWDFRQWURODQGWKHXVHUFDQEHHDVLO\ORVWLQWKH
ODUJH DPRXQW RI GDWD &XUUHQWO\ WKHUH LV QR VRIWZDUH
ZKLFKZRXOGHQDEOHKDQGOLQJRIHQRUPRXVDPRXQWVRIUDZ
PLQLUKL]RWURQVGDWDSODFHGLQPXOWLSOH¿OHV
,QVSLUHG E\ WKH FXUUHQW VLWXDWLRQ WZR 06 $FFHVV






IULHQGO\DQGHI¿FLHQW ZD\ RI PDQLSXODWLRQ PLQLUKL]RWURQV
GDWD ZLWKRXW D KLJK OHYHO RI GDWDEDVH NQRZOHGJH
7KHUHIRUHLQWKLVVWXG\ZHSUHVHQWDQHI¿FLHQW ZD\








)LQH URRW JURZWK GDWD REWDLQHG IURPPLQLUKL]RWURQ
SLFWXUHV UHSUHVHQW ¿HOG FRQGLWLRQV DW UHVHDUFK SORWV DQG
SURYLGHLQIRUPDWLRQRQ¿QH URRWV OLYLQJ VWDWXV DW WKH WLPH
RI HDFK SLFWXUH WDNLQJ VHVVLRQ 'XULQJ WKH REVHUYDWLRQV
URRWVDUHPDUNHGDVDOLYHGHDGRUGLVDSSHDUHG$WWKHHQG
RIWKHH[SHULPHQWDOSURFHVVWKHOLYLQJVWDWXVRIDOOURRWVLV










,Q PRVW VWXGLHV WKH .DSODQ0HLHU .0 PHWKRG
.$3/$10(,(5 LV XVHG IRU HVWLPDWLRQRI URRW
OLIHVSDQ 7KLV PHWKRG FRPSXWHV WKH URRW ORQJHYLW\ E\
XVLQJDSURGXFWOLPLWIRUPXOD5RRWORQJHYLW\LVSUHVHQWHG
E\DVXUYLYDOFXUYH)LJXUHZKHUHWKHPHDQDYHUDJH
URRWORQJHYLW\LVGH¿QHG WR RFFXU DW WKH PRPHQW ZKHQ 
RIDOO URRWVDUHGHDG./(,1%$80./(,17KH
RXWFRPHYDULDEOHRILQWHUHVWRIWKH.0PHWKRGLVWKHWLPH
XQWLO DQ HYHQW RFFXUV WKH HYHQW LQ WKLV FDVH LV WKHGHDWK
RID URRW$W WKHHQGRI WKHH[SHULPHQWDOSHULRGGXULQJ
DQDO\VLV URRWV DUH GLYLGHG LQ WZR JURXSV ± WKH RQHV IRU
ZKLFKLWLVQRWSRVVLEOHWRDVFHUWDLQVXUYLYDOWLPHDQGWKH
RQHVIRUZKLFKWKHVXUYLYDOWLPHFDQEHDVFHUWDLQHG7KLV
SURFHVVLVFDOOHGFHQVRULQJDQGWKH¿UVW JURXS RI URRWV LV










 IRU GHVFULSWLRQ VHH ä(/(=1,.  &HQVRUHG
GDWDIRUJURZWKRIURRWVIURPWLOODUHSUHVHQWHG
LQ)LJXUH
 3LFWXUHV IURP PLQLUKL]RWURQV ZHUH DFTXLUHG
ZLWK %7& ; 0LQLUKL]RWURQ &DPHUD V\VWHP %DUW]
7HFKQRORJ\&RUS86$7KH%7&;0LQLUKL]RWURQ
&DPHUDV\VWHPFRQVLVWVRIDFDPHUDKDQGOHZLWKDWWDFKHG
YLGHR RSWLFV $ FDEOH FRQQHFWV WKH FDPHUD KHDG WR WKH
)LJXUH,QJURZWKVRLOFRUHVDUHLQVWDOOHGZLWKWKHKHOSRIVRLOFRUHUVRLOIURPWKHSORWLVVLHYHGWKURXJKVLHYHWRUHPRYH
WKHURRWVDQG¿OOHG LQ LQJURZWK VRLO FRUH FRUH LV OHIW LQ WKH JURXQG IRU FKRVHQ SHULRG RI WLPH DQG DIWHU WKDW UHPRYHG DQG
QHZLQJURZQURRWVDQDO\]HGGUDZLQJE\0%DMF
6OLND9UDVWQHPUHåLFHVHYVWDYLMRVSRPRþMRWDOQHVRQGH]HPOMDVSORVNYHMHSUHVHMDQDVþLPHUL]QMHRGVWUDQLPR





5GHþDþUWDSRQD]DUMD  WUHQXWHN Y NDWHUHPRGPUH
NRUHQLQ
            =ERUQLN JR]GDUVWYD LQ OHVDUVWYD
7KH DFTXLUHG SLFWXUHV DUH WKHQ DQDO\]HG E\ XVLQJ
:LQ5KL]R7URQ 0) YF 5HJHQW ,QVWUXPHQWV
&DQDGD:LQ5KL]R7URQLVVRIWZDUHIRUPDQXDODQDO\VLVRI
PLQLUKL]RWURQ SLFWXUHV'DWD LV ODWHU SUHDUUDQJHG XVLQJ D
VSHFLDO06([FHOPDFUR;/5KL]R7521Y5HJHQW
,QVWUXPHQWV &DQDGD ZKLFK WUDQVIRUPV WKH :LQ5KL]R




,QJURZWK VRLO FRUHV GLPHQVLRQV GLDPHWHU  FP
OHQJWKFPPHVKRSHQLQJVL]HDQGPPVXEVWUDWH








DVWHUHRPLFURVFRSHIRU¿QH FODVVL¿FDWLRQ RI URRWV 5RRWV
ZHUH VRUWHG LQWR WKUHH FDWHJRULHV YLWDO URRWV RI ZRRG\
SODQWVQRQWXUJHVFHQWURRWVRIZRRG\SODQWVDQGURRWVRI
QRQZRRG\SODQWV5RRWV IURP WKH¿UVW WZR JURXSV ZHUH
WKHQ VFDQQHG ZKLOH LPPHUVHG LQ ZDWHU ZLWK DQ RSWLFDO
VFDQQHU (SVRQ 3HUIHFWLRQ9 3KRWR$IWHU VFDQQLQJ
DOO URRWV ZHUH GULHG DW URRP WHPSHUDWXUH DQG ZHLJKHG




LV WR VHW WKHGLDPHWHU FODVVHV LQZKLFK URRWGDWDZLOO EH
RUJDQL]HGDQG WRFRUUHFWDQ\PLVWDNHV LQGHWHFWLQJ URRWV
RUGLUWPDGHE\ WKHVRIWZDUH7KHRXWSXW¿OHV DUH WKHQ
LPSRUWHGLQ06([FHO$QDGGLWLRQDOSUHSURFHVVLQJVWHS
WKDWFKDQJHV WKHVWRSGRWV LQWRFRPDV LVDSSOLHG LQRUGHU















¿OHV DQG FDQ UHDFK GLPHQVLRQV RI  FROXPQV SHU 
OLQHVDQGPRUH
'DWD IRU HDFK URRW REVHUYHG LQ D VSHFL¿F WXEH DW
GLIIHUHQWVHVVLRQVLVLPSRUWHGLQ06$FFHVV7KHVWUXFWXUH
RI WKH06$FFHVV GDWDEDVH LV SUHSDUHG DFFRUGLQJ WR WKH
06$FFHVVGRFXPHQWDWLRQ7KHVWUXFWXUHRIHDFKWDEOHLQ
WKHGDWDEDVHLVJHQHUDWHGDFFRUGLQJWRWKHVWUXFWXUHRIWKH
RULJLQDOGDWD¿OHV ¿OHV SURFHVVHG E\ WKH ;/5KL]R7521
SURJUDP
7KH LPSRUW SURFHVV LV VLPSOH DQG IROORZV D XVHU
JXLGHG SURFHGXUH IRU LPSRUW GDWD IURP GLIIHUHQW ¿OH
IRUPDWV LQFOXGLQJ06([FHO7KH GDWD FDQ EH LPSRUWHG






$IWHUGDWDDUHLPSRUWHGIURP([FHO¿OHV WKHUH LV D
PLQLPDOSRVVLELOLW\OHIWIRUXVHUHUURUVVLQFHWKHFRPSLOHU
LV DVNHG WR FRQ¿UP HDFK SURFHVV HYHQ DQ DFFLGHQWDO





äHOH]QLN36WRMDQRYD'.UDLJKHU+2UJDQL]DWLRQRI¿QH URRW GDWD REWDLQHG IURP PLQLUKL]RWURQV  
,QDGGLWLRQHUURUVIRXQGDQGFRUUHFWHGLQTXHULHGGDWDDUH





¿OWHUHG RXW DQG H[SRUWHG WR H[WHUQDO VRIWZDUH IRU VHOHFWHG
IXUWKHU VWDWLVWLFDO DQDO\VLV2Q WKHRQHKDQG WKH¿OWHULQJ
SURFHVVLVXVXDOO\GRQHE\XVLQJGDWDEDVHTXHULHVZKHUH
WKH XVHU VSHFL¿HV WKH URRW¶V SDUDPHWHUV DQG WKHLU YDOXHV
WREHVHOHFWHGRUTXHULHVRQGLIIHUHQWFULWHULDVXFKDVSORW
QDPH VXESORW QDPH GDWH RI JDWKHULQJ HWF2Q WKH RWKHU
KDQG WKH H[SRUW SURFHVV LV VLPSOH EHFDXVH 06$FFHVV
VXSSRUWVVHYHUDOH[SRUWIRUPDWVOLNH06:RUG06([FHO
2SHQ2I¿FH FVY IRUPDW HWF
,Q RUGHU WR LOOXVWUDWH WKH RSHUDWLRQV WKDW FDQ EH
SHUIRUPHG RYHU WKH GDWD RUJDQL]HG LQ DQ 06 $FFHVV
GDWDEDVHZHSUHVHQWVHYHUDOWDVNVRIWKHGDWDPDQLSXODWLRQ
SURFHVV H[HFXWHG RYHU RXU GDWDEDVHV $Q H[DPSOH RI D
¿OWHUHG OHIW FHQVRUHG GDWD ZKHUH WKH ¿OWHULQJ SURFHVV
ZDVGRQHE\XVLQJGDWDEDVHTXHU\RQWKHVHVVLRQGDWHVLV
SUHVHQWHGLQ)LJXUH
$Q H[DPSOH RI WKH ORQJHYLW\ RI WKH GHDG URRWV
FDOFXODWLRQLVSUHVHQWHGLQ)LJXUH)LUVWD¿OWHULQJ WDVN
LVGRQHE\XVLQJGDWDEDVHTXHU\RQWKHVHVVLRQGDWHVDQG
WKHQD VRUWLQJ WDVNSHUIRUPHG LQRUGHU WREHWWHURUJDQL]H
WKHUHVXOWV$W WKHHQG WKH ORQJHYLW\RI WKHGHDGURRWV LV
FDOFXODWHGLQH[WHUQDOVWDWLVWLFDOVRIWZDUH
$QH[DPSOHRI¿OWHUHG ULJKW FHQVRUHG GDWD LV SUHVHQWHG
LQ)LJXUH7KH¿OWHULQJ SURFHVV ZDV DOVR GRQH E\ XVLQJ
GDWDEDVH TXHU\ RQ WKH VHVVLRQ GDWHV DV LQ WKH SUHYLRXV
H[DPSOHV
7KH LQJURZWK VRLO FRUHV GDWDEDVH ZDV FRQVWUXFWHG
LQ D VLPLODU ZD\ DV WKH PLQLUKL]RWURQ GDWDEDVH DQG WKH










7LPHQHHGHG WRDUUDQJHGDWD LQDZD\VXLWDEOH IRU




PHFKDQLVP LQVLGH WKH GDWDEDVH DQG HQDEOH WDVNV OLNH
GHWHFWLRQDQGUHPRYDORIGXSOLFDWHRUPLVVLQJLQIRUPDWLRQ
DPRQJ WKH GDWD7KLVPD\ EH D YHU\ LPSRUWDQW VWHS DQG
VRPHWLPHVDQHVVHQWLDO WDVNRI WKHGDWDKDQGOLQJSURFHVV
WKDWDVVXUHVGDWDLQWHJUDWLRQVDQGTXDOLW\
)LJXUH/HIWFHQVRUHGGDWDDUH¿OWHUHG IURP WKH GDWDEDVH
6OLND/HYRFHQ]XULUDQLSRGDWNLVRL]ORþHQLL]ED]H
)LJXUH'HDGURRWVDUH¿OWHUHG RXW DQG ORQJHYLW\ IRU HDFK RQH DVFHUWDLQHG IURP VHVVLRQ GDWHV
6OLND0UWYHNRUHQLQHVRL]ORþHQHL]ED]HLQ]DYVDNRSRVHEHMVHXJRWRYLGROJRåLYRVWJOHGHQDGDWXPHVQHPDQM





äHOH]QLN36WRMDQRYD'.UDLJKHU+2UJDQL]DWLRQRI¿QH URRW GDWD REWDLQHG IURP PLQLUKL]RWURQV  
&RQFOXVLRQ
'DWD TXDOLW\ DQG WLPH HI¿FLHQF\ DUH WZR PRVW
LPSRUWDQW IDFWRUV LQDQ\ZRUNFRQFHUQLQJVWXGLHVRI URRW
V\VWHP G\QDPLFV ,I D UHVHDUFK SURMHFW RSHUDWHV RYHU




IRU GDWDPDQLSXODWLRQ VRUWLQJ DQG H[WUDFWLRQ0RUHRYHU
KDQGOLQJODUJHDPRXQWVRIGDWDLQYROYHVH[WHQVLYHFRS\LQJ
SURFHGXUHVDQGFRPSLOLQJRIURRWSDUDPHWHUVLQDQGRXWRI
YDULRXV¿OHV ZKLFK SURGXFHV D QXPEHU RI KXPDQ HUURUV
,Q WKLV VWXG\ DQ HI¿FLHQW ZD\ RI KDQGOLQJ ODUJH
DPRXQWVRI¿QH URRW JURZWK GDWD E\ XVLQJ DQ 06 $FFHVV
GDWDEDVHLVSUHVHQWHGXVLQJUHVXOWVIURPDVDPSOHUHVHDUFK
SORW 7KH UHVXOWV FDQ EH VXPPDUL]HG LQ WKH IROORZLQJ
FRQFOXVLRQV
  7LPH QHHGHG WR DUUDQJH DQG UHDUUDQJH ODUJH DPRXQWV
RI PLQLUKL]RWURQ GDWD LQ D ZD\ VXLWDEOH IRU DQDO\VLV LV
FRQVLGHUDEO\VKRUWHQHGE\XVLQJ06$FFHVV
  7KH SRVVLELOLW\ RI XVHU HUURUV LV PLQLPDO DQG ¿QGLQJ
HUURUVLISUHVHQWLVPRUHOLNHO\








GDWDEDVHV OLNH LQJURZWK VRLO FRUHV GDWD IURP WKH VDPH
UHVHDUFKSORWVRUGDWDIURPDGLIIHUHQWDQDO\VLVLQRUGHUWR
REWDLQDEHWWHUXQGHUVWDQGLQJRIURRWELRORJ\DVSUHVHQWHG
E\ FRPELQDWLRQ ZLWK WKH GDWDEDVH RQ URRW JURZWK LQ
LQJURZWKVRLOFRUHV
7KH REWDLQHG UHVXOWV NQRZOHGJH DQG H[SHULHQFH
ZLOOEHRIJUHDWDGYDQWDJHLQIXUWKHUZRUNFRQFHUQLQJURRW











9 SULND]DQL ãWXGLML SUHGVWDYOMDPR XþLQNRYLW
QDþLQ XSUDYOMDQMD ] YHOLNLPL NROLþLQDPL SRGDWNRY L]
PLQLUL]RWURQRYLQYUDVWQLKPUHåLF]XSRUDERSRGDWNRYQLK
]ELUN06$FFHVV 3RURþDPR WXGL R GREOMHQLK UH]XOWDWLK
]QDQMX LQ L]NXãQMDK SUL L]EROMãDQMX NDNRYRVWL SRGDWNRY
1DãL UH]XOWDWL VR ODKNR SRY]HWL Y QDVOHGQMLK ]DNOMXþNLK










 %D]D V SRGDWNL L] PLQLUL]RWURQRY VH ODKNR HQRVWDYQR
SRYHåH]GUXJLPLSRGDWNRYQLPLED]DPLL]LVWHUD]LVNRYDOQH
SORVNYH DOL V SRGDWNL L] GUXJLK UD]LVNRYDOQLK SORVNYH ]
QDPHQRPSULGRELYDQMDEROMãHJDYSRJOHGDLQUD]XPHYDQMD
ELRORJLMHNRUHQLQ
3ULGREOMHQL SRGDWNL ]QDQMH LQ L]NXãQMH ERGR Y




7KH VWXG\ZDV IXQGHG WKURXJK WKH UHVHDUFKSURJUDPPH
3\RXQJUHVHDUFKHU¶VSURJUDPPH3äDQGWKHUHVHDUFK
SURMHFW / E\ WKH 6ORYHQLDQ 5HVHDUFK $JHQF\ DQG FR
¿QDQFHG E\ WKH 6ORYHQLDQ 0LQLVWU\ UHVSRQVLEOH IRU IRUHVWU\
5HIHUHQFHV
5HIHUHQFH
'$11285$ 0 .20,1$0, < 2*80$ + 
.$1$=$:$ <  7KH GHYHORSPHQW RI DQ RSWLFDO






IURP ,QFRPSOHWH 2EVHUYDWLRQV -RXUQDO RI WKH $PHULFDQ
6WDWLVWLFDO$VVRFLDWLRQS
./(,1%$80'* ./(,106XUYLYDO$QDO\VLV
            =ERUQLN JR]GDUVWYD LQ OHVDUVWYD
1HZ<RUN6SULQJHUS
/( %27 - 6(55$ 9 )$%5( - '5$<( ;




 ,c*5(1* 0HDVXULQJ )LQH5RRW 7XUQRYHU LQ
)RUHVW(FRV\VWHPV3ODQWDQG6RLOS
0$..21(1 .  +(/0,6$$5, +6  $VVHVVLQJ
¿QHURRW ELRPDVV DQG SURGXFWLRQ LQ D 6FRWV SLQH VWDQG
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RI VRPH GLUHFW DQG LQGLUHFW PHWKRGV IRU HVWLPDWLQJ URRW
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*R]GDUVNLYHVWQLNS
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